The synthesis of acyl N-Boc-1-and N-Boc-2-naphthylamines and their transformation into alkyl substituted benzoquinazolines and benzoquinazolinones through the reaction with formamide or potassium cyanate in the presence of ammonium acetate is described. Presented acyl derivatives were obtained from the reactions of the corresponding lithiated N-Boc naphthylamines with various acetylating agents like AcCl, Ac 2 O, AcOEt, PivCl, i PrCOCl and also Wienreb amides. Biological screening of the potential cytotoxicity on the HT29 cell line and lymphocytes were demonstrated for some benzoquinazoline derivatives.
Introduction
The quinazoline or quinazolinone skeleton is a building block of various alkaloids 1, 2 with diverse biological activities [3] [4] [5] like for example vasicine and vasicinone (active compounds of Justicia athatoda), [6] [7] [8] asperlicins A-E (fungal metabolite components of Aspergillus alliaceus) 9, 10 or circumdatin H (from the fungus Aspergillus ochraceus). 11 It has been shown that e.g. asperlicin and its analogues can act as antagonists of neurotransmitter cholecystokinin (CCK). 12 Other quinazolinone alkaloids exhibit also anti-inflammatory, 13 antiviral 14 and antibacterial activity. 15, 16 Some of quinazoline derivatives have been approved as effective drugs against cancer, 17 e.g. Gefitinib, 18, 19 Erlotinib 20 or Ispinesib. 21 Additionally, aryl-or alkyl-quinazolin-2(1H)-one derivatives are applied e.g. as nonsteroidal anti-inflammatory drugs 22 (Proquazone) 23 or in the treatment of cardiovascular diseases (Bemarinone). 24, 25 In the present paper we focused on the synthesis of acyl-N-Boc-aminonaphthalenes and their application for the preparation of new alkylbenzoquinazolines, which constitute a continuation of our work in the field of benzoquinazoline derivatives chemistry and their potential cytotoxic activity. [26] [27] [28] 
Results and Discussion
The synthesis of acyl-N-Boc-aminonaphthalenes 2a,b and 5a,b based on a two-stage procedure consisting of 1) in situ generation of lithium carbamates 1a or 4a using t BuLi or BuLi 26, 27 and then 2) their reaction with the selected acylating agents (Scheme 1). At the beginning of our investigations, the behavior of bis-metalated species 1a and 4a in the reaction with electrophiles like AcCl, Ac 2 O, AcOEt, PivCl and i PrCOCl was verified. The results are summarized in Table 1 . The use of acetic anhydride for the acylation of 1 or 4 at ˗78 °C, turned out to be the most effective for 2a (45%) and 5a (55%), (Table 1, entries 3 and 11) . When 1a was treated with Ac 2 O apart from 2a also N-Ac, NBoc derivative 3 was isolated from the post reaction mixture (Table 1, entry 3) . Additionally, we have observed that an increase in the reaction temperature from ˗78 °C up to ˗20 °C, (Table 1 , entry 2), resulted in a decrease in yield of 2a (20%). Likewise ineffective was the use of acetyl chloride at ˗20 °C (2a was separated in only 10% yield, Table 1 , entry 1). As can be seen in Table 1 , treatment of bis-lithiated species 4a with acetyl chloride at ˗78 °C gave 5a (45%, entry 11), with comparable yield to that of acylation with Ac 2 O (55%, entry 11) whereas ethyl acetate shown considerably less reactivity at this temperature (10%, entry 12). Table 1 . Optimization of conditions for the synthesis of acyl derivatives 2, 5
Reaction conditions: organolithium compound (2 hours, ˗20° C), 1 equiv. of electrophile (2 hours, temperature described in Table 1 In case of the synthesis of acyl derivatives 2b, 5b the best results were achieved employing pivaloyl or 2-methylpropanoyl chloride at ˗20 °C (2b (60%), 5b (40%), Table 1 , entries 5, 15) . When the reaction temperature was decreased from ˗20 °C to ˗78 °C, yields of both acetyl derivatives 2b, 5b were lower (Table 1,  entries 6, 14) . Additionally, the decrease in the reaction temperature resulted also in reduced yields of side products 7, 8 accompanying the formation of 5b, from 12% (7), 10% (8) at ˗20 °C to about 5% (7, 8) This type of acetamide aldolization for the first time has been reported by Hauser and Gay. 33 They observed that acetanilide can be efficiently deprotonated by BuLi to produce the corresponding dianion, which is able to react with diverse electrophiles. 34 In turn, the formation of 8 seems to result from BuLi addition (excess of BuLi) to the carbonyl group of the emerging keto derivative which subsequently transforms into adduct 10 and finally to 8 via an the intramolecular cyclization (Scheme 2 In the literature several strategies have been described for the construction of a quinazoline skeleton, e.g. using aromatic nitroaldehydes, 35 imido amides 36 or amines, 37,38 as substrates. There are some procedures for the preparation of functionalized benzoquinazolines from naphthylamine derivatives like e.g. amidines (reactions with DMFA) 39 or anilides (reactions with ammonium formate). 38 However, there are few examples of the synthesis of benzoquinazoline systems with simple alkyl substituents. 38, 40, 41 In this work alkylbenzoquinazoline derivatives were synthesized by the thermal condensation (170 °C) of (acylnaphthyl)carbamates 2a,b, 18 or their derivatives 15a, 19 with HCONH 2 /AcONH 4 (Scheme 4). Transformation of aminoketones 15a, 19 provided the desired products 16a, 20 in moderate yields (35%, 30%, respectively). Much better results were obtained from the direct reaction of N-Boc derivatives 2a, 2b or 18 with formamide/AcONH 4 . The corresponding alkylbenzoquinazolines 16a,b and 20 were obtained in 50-60% yields. Attempts to modify the reaction conditions for N-Boc derivatives, e.g. by the replacement of ammonium acetate by formic acid or the use only of formamide, led to a substantial decrease in yield (e.g. 16a, 10-20% by use of HCONH 2 /HCOOH or 25-35% via reaction with HCONH 2 ).
In our opinion, the formation of quinazolines 16a,b and 20 from ketones (2a,b and 18, Scheme 4) by condensation with formamide runs through the formation of arylamidine type intermediate 17a and then the ring closure reaction with a subsequent elimination of water. This can be supported by the fact that the N-Boc derivatives 2a,b and 18 during the reaction with formamide, underwent deprotection to their parent ketoamines (isolated yields 6-15%) in any case.
The second part of the presented work concerned the investigation of the behavior of acyl derivatives 2 or/and 5 in the synthesis of benzo[f]quinazolin-3(4H)-ones 22 and benzo[h]quinazolin-2(1H)-ones 23 (Scheme 6). Heterocycles containing a quinazolin-2(1H)-one scaffold are a relatively little-studied class. Some studies reported that quinazolin-2(1H)-ones can be obtained by cyclization reactions using amino acetophenones 25, 43, 44 or aminobenzonitriles. 45 Our studies on the construction of benzoquinazolinone systems using N-Boc 2-naphthylamine derivatives showed that, when a solution of 5a in acetic acid was treated with a large excess of potassium cyanate, the methylbenzoquinazolinone (22a) can be produced in a satisfactory yield (50%, Scheme 6). In addition, when ammonium acetate was added to the reaction mixture, the yield of lactam 22a increased up to 65%. In accordance with this methodology, when the isopropyl derivative 5b was treated with a mixture of KOCN, AcONH 4 the desired product 22b was obtained in 40% yield (Scheme 6).
The transformation of N-Boc 1-naphthylamine derivatives 2a and 2b into lactams 23a (23%) and 23b (15%) was less efficient.
1 H NMR spectra of post reaction mixtures, showed that the main ingredients were the starting carbamates 2. Furthermore, proton signals for the aminoketone generated by Boc group cleavage from 2b were also observed. The analysis of obtained results gives a ground for conclusion that the conversion of acyl carbamates 2 or 5 into corresponding benzoquinazolinones 22, 23 runs through the acidic deprotection of the amino group, as the first step and then condensation of the resulting ketoamine with potassium cyanate giving finally benzoquinazolinones (see supplementary material, Scheme S1, Path A: IVVIVIIII). On the other hand, the presence of AcONH 4 , which can act as a source of nitrogen (ammonium) implies the possibility to include the alternative pathway by the formation of an imidoyl derivative VIII (see supplementary material, Scheme S1, Path B: IVIIIIXII). In the case of quinazolinones the lactam-lactim tautomerism is possible, wherein amide is the major form. Additionally, in quinazolinone systems containing a methyl group at position 4 or 2, the tautomerism effect can extend to include the methylidene form. The spectroscopic analysis ( 1 H, 13 C NMR) of compounds 22a,b
showed that methylquinazolinone 22a in DMSO-d 6 solution exist in equilibrium with its tautomeric form 24 (Scheme 6) (see supplementary material, Fig. S1 ). Table S1 ). The calculated 13 C NMR shifts of atoms C4a-C10b of the naphthalene system 22b, as was shown in Table S1 (entries 4, 7, 10-12, 14, 17, 18, 21, 23) were located in the range 117.7-151.6 ppm and they have been assigned to ten experimental signals observed in NMR spectrum at 144. (24) .
In our previous work we demonstrated that a morpholine substituent attached to the benzo[h]quinazolinone scaffold can be responsible for increased cytotoxicity properties. In the last part of this work 3-substituted-6-bromobenzo[h]quinazolin-4(3H)ones 26a,b 26, 27 were subjected to the Cu(II) catalyzed formamidation 42 and Pd 2 (dba) 3 /Binap/Cs 2 CO 3 catalyzed Buchwald-Hartwig amination reaction (Scheme 7).
According this, target formamides 27a,b were obtained in 60% and 40% yield, respectively, in turn the morpholine products 28a,b were isolated in 55% and 68% yields. 1 H NMR spectra of the new formamides 27 possess a double set of resonance signals, which points out that compounds 27a and 27b, similarly as 21 exist in two rotameric forms in DMSO-d 6 solution, and the cis form is dominant (cis:trans ≈ 3:1).
The cytotoxic activity of the tested quinazoline, quinazolinonene derivatives were evaluated against HT29 human colorectal adenocarcinoma cell line using the MTT test and additionally towards the normal human lymphocytes. The obtained IC 50 values were collected in Table 2 . In addition, in order to interpret more fully the results obtained, the cytotoxicity values of compounds 30-33, evaluated in our earlier papers 26, 27 and also cisplatin 49 were also added to Table 2 . The tested new synthesized derivatives 21, 27, 28 showed different activity. Out of these compounds the most interesting results were obtained for morpholine benzoquinazolinone 28a (IC 50 16.7 μM), formamido benzoquinazolinone 27a (IC 50 44.0 μM) and formamido benzoquinoline 29 (IC 50 60.7 μM), which exhibited the highest cytotoxicity against HT29 cell line. As it can be seen from Table 2 48 mmol) was added. The resulting mixture was then heated at 50-60 °C (oil bath) for about 3-4 hours, until TLC analysis of the reaction mixture indicated the absence of starting material 2a. After the reaction was completed, all the volatile materials were removed under reduced pressure and water (5-10 mL) was added to residue. The mixture was adjusted to pH 8-10 with saturated NaHCO 3 and then extracted with chloroform (320 mL). The combined extracts were dried over MgSO 4 , concentrated under reduced pressure. A crude residue was subjected to column chromatography to give amine 15a. Procedure for the preparation of amino ketone 19. To the solution of N-Boc-amino keton 18 (0.88 mmol) in DCM (4.8 mL) at 0 °C, TFA (8.8 mmol, 0.67 mL) was added. The resulting mixture was allowed to warm to ambient temperature and stirring in these conditions until the completion of reaction (TLC analysis). After this time, all the volatile materials were removed under reduced pressure and to residue water (5 mL) was added. The whole lot was adjusted to pH=8-10 (saturated solution of NaHCO 3 ) and next extracted with DCM (320 mL). The combined extracts were dried over MgSO 4 4 (0.52 mmol) was added. The whole mixture was stirred and heated at 170 °C (oil bath). After completion of the reaction, as indicated by TLC (7-15 hours), the resulting solution was cooled to room temperature and 40 mL of water was added. Then mixture was extracted with chloroform (3x10 mL). The organic layer was dried over MgSO 4 and concentrated under reduced pressure. A crude residues was purified by column chromatography to afford products 16a, 16b, 20. Method C (β-hydrogen elimination). To a mixture of amino ketone 19 (0.38 mmol) in 10 mL of formamide, MeCOONH 4 (0.66 mmol), PPh 3 PdCl 2 PPh 3 (0.11 mmol) was added. The whole mixture was stirred and heated at 160 °C (oil bath) with 3Å molecular sieves. After completion of the reaction, as indicated by TLC (25 hours), the resulting solution was cooled to room temperature and 40 mL of water was added. Then mixture was extracted with chloroform (3x10 mL). The organic layer was dried over MgSO 4 (9. 86 mmol) in water (1-2 mL) was added. The resulting mixture was further heated at 130 °C (oil bath) for 2.5 hours. After that to the stirring mixture the last portion of KOCN (2.7 mmol) and MeCOONH 4 (9.1 mmol) in water (1-2 mL) was added. The reaction mixture was held at this conditions for next 3 hours. After cooling, 40 mL water was added. The precipitated solid was filtered and purified by flash chromatography. Methylbenzo[f]quinazolin-3(4H)-one (22a). Gray solid, yield 65%, 72 3 (0.062 mmol), Binap (0.062 mmol) and freshly distilled toluene (4 mL). The vessel was evacuated and backfilled with argon, which was repeated of 3 times. After that Cs 2 CO 3 (0.62 mmol), bromo derivative 28a or 28b (0.42 mmol) dissolved in toluene (6 ml) and morpholine (1.2 mmol) was added. The whole mixture was stirred and heated at 100 °C (oil bath) for 30 hours. After this time the reaction mixture was cooled and diluted with chloroform (5 mL). The solid was filtered off, washed with chloroform (2 mL) and the filtrate concentrated in vacuo. The crude product was purified by flash chromatography. 
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